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Introduction: 
Vesta is the only protoplanet that has survived 
intact and constitutes the parent body of HED 
(Howardite, Eucrite, Diogenite) meteorites [e.g., 1,2]. 
In 2011 DAWN provided compositional information 
of Vesta that matched with HED meteorites [e.g., 3]. 
Eucrites are basalts or gabbros that formed the outer 
crust of Vesta crystallized from a magma ocean [e.g., 
4]. Diogenites are orthopyroxene-rich cumulates that 
located in a deep crust (upper mantle) or intrusions 
into the eucritic crust formed by secondary 
volcanism after magma ocean crystallization [5-7]. 
Howardites are mainly mechanical mixtures of 
eucrites and diogenites produced by impact events. 
Petrologic and geochemical study of HED meteorites 
as well as remote sensing observations of Vesta 
provide important clues for understanding igneous, 
metamorphic, and impact history of protoplanets. 
 
Samples and Analytical techniques: 
We performed a petrological and geochemical 
study of NWA 5480 and other olivine-bearing 
diogenites for comparison. Polished thin sections 
(PTSs) of NWA 5480 were examined optically and 
with an EPMA and SEM at NIPR. Platinum group 
elements (PGEs) were determined by ICP-MS at 
TMU. The ICP-MS procedure was described in 
Shirai et al. [8]. 
 
Results and Discussion: 
NWA 5480 is an unbrecciated diogenite with 
heterogeneous textures. PTSs of NWA 5480 show 
large, irregular olivine grains (typically, ~0.1 mm, up 
to ~1 cm) set in a microporphyritic groundmass 
composed of pyroxene pepped with small droplets of 
olivine (30-50 µm in size) (Fig. 1). Fine granules of 
olivine are attached to the edges of the olivine grains. 
Chromite occurs as large irregular grains as well as 
very fine strings or lines (a few µm thick) 
interstitially between pyroxene and olivine. Large 
chromite grains contain thin irregular veins of 
pyroxene filled with fine euhedral chromite (10-50 
µm in size). These textures indicate that the large 
olivine and chromite grains were relicts of resorption. 
These features are unlike igneous cumulate rocks, 
but similar to impact melt rocks, for example as 
observed in ordinary chondrites [9].  
Compositions of pyroxene (Wo1.-2En74-75) and 
olivine (Fo71-72) of NWA 5480 are within the range 
of normal diogenites [7]. However, major minerals 
show a number of disequilibrium features that are not 
observed in most diogenites. Olivine relicts have 
chemical zoning of CaO near the rims (from 
0.04-0.08 wt% to 0.10-0.12 wt%). The CaO contents 
of olivine in the matrix (0.04-0.08 wt%) are less than 
those of the relict grains (0.06-0.12 wt%). 
Furthermore, relict chromite grains show chemical 
zoning. These disequilibrium features argue against a 
deep mantle origin for this meteorite. Pyroxene in the 
matrix shows normal igneous zoning (MgO/FeO, 
CaO, Al2O3, TiO2), indicating that NWA 5480 
cooled rapidly at several tens °C/year [10]. 
 
 
 
Fig. 1. Photomicrograph of NWA 5480 
(crossed-polarized light). Olivine relict is set in a 
pyroxene matrix. 
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Fig. 2. Chondrite-normalized PGE patterns [this 
work and 11] of NWA 5480 and other diogenites 
[11]. 
 
 
NWA 5480 contains a significant amount of 
PGEs [11, this work] (Fig. 2). The PGE pattern is 
unfractionated and point to a contamination of ca. 0.1 
wt% chondritic materials.  
The petrological and geochemical evidence 
strongly supports that NWA 5480 is an impact melt 
rock. Our conclusion contradicts with the idea that 
NWA 5480 has evidence for mantle shear [12]. This 
point will be discussed in the presentation. NWA 
5480 displays heavy REE enrichment indicating the 
remelting of older mafic cumulates [6]. We suggest 
that NWA 5480 was derived from impact melts from 
a large basin of Vesta. One of the best candidates is 
the Rheasilvia basin (~500 km in diameter), where 
orthopyroxene-rich materials were observed in the 
crater floor [3]. Petrological and geochemical 
evidence from NWA 5480 provides clues to the early 
intense bombardment history of the parent body, 
Vesta. 
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